Deliverables 5.1 and 5.2 = Hydrology, chemistry, and toxicity during Year 1

To determine whether biological elements such as plants and fungal-inoculated mulch
incorporated in bioretention systems provide meaningful long-term benefits to water quality,
twelve under-drained bioretention mesocosms were built in an ultra-urban watershed
(N47°39'22.2"; W122°19'19.4") located under the ship canal bridge of I-5 in Seattle, WA. Six of
the twelve bioretention mesocosms were planted with Pacific Ninebark (Physocarpus capitatus),
receiving 3 plants each. In six of the mesocosms the mulch layer was inoculated with mycelium
of the wine cap mushroom (Stropharia rugoso-annulata). These two amendments of the
bioretention system, incorporated in a full factorial approach, resulted in four triplicate
treatments (Table 1).

Table 1. Bioretention treatments used in study

Treatment Label

S

Explanation

BSM 3 Bioretention soil medium with mulch

BSM + F 3 Bioretention soil medium with fungi-amended mulch

BSM + P 3 Bioretention soil medium with mulch and plants

BSM+F+P 3 Bioretention soil medium with fungi-amended mulch and plants

Each 57-cm diameter (22.5”) mesocosm received 145 * 2.8 kg of bioretention soil medium
(BSM) tamped down to achieve a compaction roughly equivalent to 85% of the modified
maximum dry density (as defined by ASTM D1557) per Stormwater Management Manual for
Western Washington (SMMWW) specifications. This compaction resulted in a BSM bulk density
of 1.41 + 0.04 g/cm?3 and soil depth of 40.1 + 1.0 cm (15.8” + 0.4) above the 24-cm (9.5”)
drainage layer, resulting in a BSM volume of 103 L in each replicate. The BSM was overlain with
7.6 cm (3”) of alder (Alnus rubra) mulch (60% wood chips, 40% coarse sawdust by volume).
Mulch was distributed by wet mass (10.0 + 0.4 kg per bioretention cell). In six of the cells, 6.6 +
0.3 kg of the mulch was inoculated with mycelium of the wine cap mushroom (Stropharia
rugoso-annulata).

Bioretention cells were equipped with a probe to measure soil moisture, temperature, and
electrical conductivity (Decagon Devices 5TE), a probe to measure soil matric (water) potential
(Decagon Devices MPS6), and corresponding digital data loggers (Decagon Devices EM50). Soil
probes were placed in the center area of each drum after 50% of the soil mass had been added
(approximately 20 cm (7.9”) below the soil surface). A peristaltic pumping system was installed
by collaborating King County staff to distribute runoff and log total runoff flow from a storm
vault to each of the bioretention cells. This system provided urban stormwater runoff at a
loading rate of 0.12 L/min whenever it rained approximately 2.4 mm (0.1”) or more within a 2-
hour period in the watershed. This loading rate was chosen to ensure a realistic volume of
runoff was treated across each year of the study (i.e. corresponding to approximately the
annual rainfall expected on the contributing area).



The bioretention cells received runoff from any rainfall event that produced enough water to
float the switch that turned on the peristaltic pumps located in the storage tank. Larger storm
events deemed to qualify were sampled. For each monitored storm a total of 15 composite
water samples were collected — three influent samples and 12 effluent samples (one for each
mesocosm). These composite water samples (along with field blanks and duplicates) were then
analyzed for water quality parameters including nutrients, metals, bacteria, and PAHs, and were
tested on zebrafish embryos for potential toxicity. After initial conditioning of the bioretention
cells, saturated hydraulic conductivity was not assessed again during Year 1 but was
recommenced during Year 2 and is included in Deliverable 5.3-5.4 (Hydrology, Chemistry, and
Toxicology during Year 2).

During the first year of the project, five storms were monitored for water quality and toxicology
(Table 2). Results for each storm are presented below and detailed results are provided in
Appendix 1 (summary tables of water chemistry), Appendix 2 (summary of sublethal impacts on
zebrafish morphometrics), and Appendix 3 (copies of analytical laboratory reports).

Table 2. Dates and timing of sampling events during Year 1 of the study.

Sampling Days Since Cumulative Equ'iv'alerﬁt Cumulative % of Expected

Event Date Installation Stormwater Treated Precipitation (1:20) (cm) Seasonal
per Mesocosm (m3) Treatment

1 April 5, 2017 49 1.2 23 68%

2 June 8, 2017 113 1.9 38 83%

3 Oct 18, 2017 245 2.4 46 73%

4 Dec 19, 2017 307 3.9 76 84%

5 Mar 22, 2018 400 6.9 134 102%

Status of Plants and Fungi

During the first summer (2017), there was a record-breaking drought in Seattle during
which 9 of the original 18 plants died (Table 3), despite supplemental weekly watering. Dead
plants were replaced in February 2018, one year following installation, and in the same manner
as the original planting (bare root after over-wintering outdoors in pots). Dead plants were
therefore present for 2 of the 5 sampled events (Oct, Dec 2017). During this time, one replicate
of BSM+F+P had no live plants, whereas the other treatments with plants contained between 1
and 3 live plants.



Table 3. Plant survival across the first year of installation (Feb 2017-Jan 2018).

Number of Plants

Treatment Replicate Mesocosm # Mar 2017 Jan 2018
BSM 1 1 0 0
2 5 0 0
3 10 0 0
BSM+F 1 4 0 0
2 7 0 0
3 12 0 0
BSM+P 1 2 3 1
2 6 3 2
3 9 3 2
BSM+P+F 1 3 3 1
2 8 3 3
3 11 3 0

Before the end of 2017 fungi were observed growing in all of the treatment cells, not
just those inoculated as BSM+F and BSM+F+P. Although fungal colonization may have been
expected over time, it may have been accelerated by the quarterly coring of the BSM in each
cell for the cooperative project by King County (Bioretention Reduction of PCBs Study). In Jan
2018, approximately 10 months after the project installation, we quantified the relative
abundance of fungi across treatments by measuring the mass of mulch remaining in each cell
and respiration of the mulch layer in fungi vs no-fungi treatments. All mulch was gently
collected from the top of each cell and placed in a ventilation-controlled plastic bag used by the
mushroom industry to monitor fungal respiration. These bags were placed in an air-conditioned
room and the mass of mulch measured over time. Decreases in mulch mass indicate microbial
respiration since the beginning of the experiment in Feb 2017. There was significantly less
mulch in the fungal-inoculated treatments (BSM+F, BSM+P+F) than in treatments with mulch
that had not been not inoculated (BSM, BSM+P) (Figure 1A), indicating that the inoculated fungi
had been steadily decomposing mulch at a higher rate than treatments that did not originally
contain fungi. During the laboratory respiration test, there was significantly more mass lost
from inoculated treatments than uninoculated treatments (Figure 1B; shown on Day 4).
Visually, much more fungal mycelia were evident in the inoculated mulch. Together, these data
support that although fungi did colonize all treatments, they were still more abundant after 10
months in the fungi-inoculated treatments than in the no-fungi treatments.
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Figure 1. Assessment of fungal contamination of uninoculated treatments (BSM, BSM+P) compared with
inoculated treatments (BSM+F, BSM+P+F). A) Average mass of mulch remaining in each treatment group in
January 2018. Error bars are one standard deviation. B) Microbial respiration of inoculated and uninoculated mulch
in laboratory experiment during January 2018 (shown at Day 4).

Water quality of stormwater treated by bioretention

Contaminants in stormwater were measured for influent and effluent waters including chemical
and biological oxygen demand, total and dissolved organic carbon (DOC), total suspended solids
(TSS), total and dissolved metals (As, Cd, Cr, Cu, Ni, Pb, Zn), bacteria (fecal coliforms and
Escherichia coli), nutrients (including ammonia, nitrite+nitrate, total nitrogen, ortho-phosphate,
total phosphorus), and a suite of polycyclic aromatic hydrocarbons (PAHs). Although
measurements of all parameters are reported in Appendix 3, not all parameters were analyzed
in this report. We focused the analysis on high quality data; excluding data with very high
variability (e.g. oxygen demand), or concentrations consistently at or below detection limits (e.g.
dissolved Cd and Pb, total PAHs). We focused on dissolved parameters (e.g. metals, nutrients) vs
total values that are less bioavailable, and excluded redundant parameters such as E. coli for its
high correlation with fecal coliform (Pearson r? = 0.984, p<.001). Qualitatively, bioretention
treatment was effective at reducing oxygen demand, most metals and PAHs. Parameters
included in the following analysis were DOC, TSS, dissolved As, Cu, Cr, Ni, Zn, fecal coliform (FC),
nitrates (nitrite+nitrate), and ortho-P. Although included in the Quality Assurance Project Plan
(Deliverable 1), the parameters suspended sediment concentration (SSC) and calcium were not
measured.

During clean water conditioning of the bioretention columns (Deliverable 4.1: Microbiology and
chemistry of effluent from clean water conditioning), several parameters were found to leach
from the columns including TSS, DOC, ortho-P, dissolved As, Cr, Cu, and Zn. During stormwater
treatment, net increases in concentration in the bioretention effluent were evident for DOC,
nitrates, ortho-P, dissolved As and Ni (Net concentration; Table 4), indicating their continued
release from the bioretention columns. In contrast, net reductions from influent were evident
for total suspended sediment (TSS), dissolved Cr, Cu, and Zn, despite bioretention columns being



a source of these parameters. Net reductions were also evident for FC, which did not leach from
bioretention during conditioning (Percent removals; Table 5).

Table 4. Net concentration (effluent minus influent) for parameters with higher concentrations in effluent than
influent across events and treatments.

Parameter Unit Net Concentration Standard Deviation
DOC mg/L 32 46
Nitrates mg/L 2.6 2.7
ortho-P mg/L 0.32 0.10
Dissolved As ug/L 1.7 0.5
Dissolved Ni ug/L 1.1 2.0

Table 5. Percent reduction in concentration for parameters with higher concentration in influent than effluent
across events and treatments.

Parameter Average Standard Deviation
Fecal coliform 92% 2%
Total suspended sediment 87% 34%
Dissolved Cr 58% 15%
Dissolved Cu 55% 12%
Dissolved Zn 87% 9%

Changes in concentration of these parameters over time and as a result of treatment were
explored with a multivariate general linear model (GLM; SPSS v. 26, IBM Corp) with net
concentration or percent removal as dependent variables, and treatment (BSM, BSM+F,
BSM+P, BSM+F+P) and cumulative volume of stormwater treated as factors. Tukey’s post-hoc
was used to test for differences in treatment or event. Significance level was set at a=0.05.
Results of the GLM are presented in Table 6.



Table 6. Results of the multivariate general linear model of water quality for the four bioretention treatments across
the five sampling events of Year 1. Parameters with higher effluent than influent concentrations were analysed as
net concentration (effluent — influent) (nitrates, ortho-phosphate, dissolved organic carbon (DOC), dissolved As,
dissolved Ni). Parameters with higher influent than effluent concentrations were analysed as % removal (fecal
coliform bacteria, total suspended solids (TSS), dissolved copper, dissolved chromium, dissolved copper, dissolved
zinc. Bold p values are statistically significant factors.

Variable Factor df F p
Nitrates Treatment 3,59 2.558 0.069
Event 4,59 23.371 <0.001
Treatment x Event 12, 59 1.117 0.375
oP Treatment 3,59 6.429 0.001
Event 4,59 36.499 <0.001
Treatment x Event 12, 59 1.343 0.235
DOC Treatment 3,59 1.642 0.195
Event 4,59 11.083 <0.001
Treatment x Event 12, 59 1.921 0.062
dAs Treatment 3,59 0.287 0.834
Event 4,59 17.096 <0.001
Treatment x Event 12, 59 1.817 0.079
dNi Treatment 3,59 2 0.13
Event 4,59 21.773 <0.001
Treatment x Event 12, 59 0.312 0.983
FC Treatment 3,59 1.252 0.304
Event 4,59 1.037 0.4
Treatment x Event 12, 59 0.654 0.783
TSS Treatment 3,59 2.534 0.071
Event 4,59 24.452 <0.001
Treatment x Event 12,59 1.529 0.155
dCr Treatment 3,59 1.582 0.209
Event 4,59 21.645 <0.001
Treatment x Event 12,59 1.73 0.097
dCu Treatment 3,59 1.713 0.18
Event 4,59 16.155 <0.001
Treatment x Event 12,59 2.43 0.018
dZn Treatment 3,59 1.694 0.184
Event 4,59 38.232 <0.001
Treatment x Event 12,59 0.86 0.592




Net concentration of nitrates and dissolved arsenic, dissolved nickel, and DOC remained above
influent concentrations, except nickel during Event 4 which dipped below the influent
concentration (Figure 2). There was a spike in net concentration of nitrates and nickel during
Event 2, whereas net concentrations of arsenic and organic carbon declined following Event 1
(Figure 2C,D). Net ortho-P in effluent also declined significantly over the year, however during
the first two sampling events there was significantly less export of P from treatments containing
fungi (Figure 3).
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Figure 2. Net concentrations of A) nitrates and B) dissolved nickel spiked in the effluent from Event 2 (June)
whereas net concentrations of dissolved C) arsenic and D) organic carbon decreased after Event 1 (Apr). Average
concentrations across all treatments are shown with one standard error of the mean. Asterisks indicate events
with significantly elevated net concentration.
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Figure 3. Concentrations of ortho-P in effluent waters from the four treatment groups for each sampling event
(average * standard error). Asterisks indicate when treatments with and without fungi were statistically different.

Percent removal of TSS, dCr, and dZn from influent generally increased over time, reaching a
plateau by the later sampling events (Figure 4). There were no differences among treatments in
removal of these parameters (Table 6). Percent removal of dCu depended on treatment and
event (Table 6). There was generally poorer removal of dCu for treatments without fungi (BSM
and BSM+P) prior to Event 3 (Oct), and generally more removal afterwards (Figure 5). Removal
of dCu also peaked during Event 3 for BSM+F whereas BSM+P+F did not show any trends in
percent removal of dCu across sampling events.
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Figure 4. Percent reduction in concentration of total suspended solids, dissolved chromium and dissolved zinc for
each of the five sampling events across bioretention treatment type. Symbols sharing letters within a panel are not
statistically different. Error bars are * one standard deviation.
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Figure 5. Average percent reduction in dissolved copper from influent concentrations for each treatment and
event. There was a significant interaction between treatment and event (F(12,59)=2.430, p=0.018). Arrows show
significant differences in percent removal for specific treatments across events. Error bars are + one standard error
of the mean.

Toxicity to zebrafish embryos

As described in Deliverable 4.2 (Baseline toxicity testing of effluent from clean water
conditioning), influent and effluent water samples were stored at -20°C until the bioassays were
performed. Zebrafish embryos (Danio rerio) aged 2-4 hours post fertilization (hpf) were exposed
at 28.5°C to the influent, the effluents, or freshly made system water as a laboratory control (24
replicates for each treatment). After 48 h of exposure, embryos were checked for mortality and
photographs were taken using a digital camera mounted on a Nikon SMZ 800 stereomicroscope
for analysis of morphometrics. Embryo length, eye area, periventral and pericardial areas were
measured using Image J, an open source image processing program (Rueden et al. 2017).

Overall, the influent stormwater sampled during the quarterly storm events tended to
not be acutely toxic to zebrafish embryos for the endpoints and exposure duration tested. Among
the possible cases of toxicity (number of influent samples (5) x number of endpoints (3 sublethal)
=15), influent samples produced only 4 cases of toxicity (1 endpoint for Oct + 1 endpoint for June
+ 2 endpoints for March). This is likely due to lower concentrations of contaminants in these
runoff samples compared with stormwater samples that have been shown to cause acute
sublethal toxicity using this model in the past (Mclntyre et al. 2014). For example, cardiotoxicity
observed in zebrafish embryos exposed to road runoff is associated with total PAH > 1 ug/L
(Mcintyre et al. 2016). In contrast, total PAHs measured during sampling events were typically <1
ug/L (Appendix 1). Although influent stormwater included runoff from I-5, the land area
contributing runoff (12.8 hectares) also includes an unknown contribution area that is roadside



landscaping and non-highway pavement. Furthermore, runoff is captured via a set of
underground catch basins with an unknown residence time and once collected at the site is
routed through an underground storage tank to the test mesocosms. It is likely that organic
contaminants such as PAHs that tend to be associated with fine particles are being settled out
and/or degraded biologically upstream from where the influent stormwater was collected for
this study. Influent TSS to the mesocosms supports that there was generally a low influx of fine
particles in this system (Appendix 1, 3); only influent during Event 4 appeared to contain mean
concentrations of TSS more typical of urban runoff from Phase | municipal discharges (Hobbs et
al. 2015).

Three of the five influent stormwater samples affected endpoints measured in the 48-h
zebrafish embryo exposures. Cardiotoxicity, reflected by an enlargement in the pericardial area,
was observed for influent samples from the October and March sampling events. This is the
sublethal impact most commonly seen in embryos affected by acute exposure to road runoff
(McIntyre et al. 2014). This effect was eliminated in several but not all of the bioretention
treatments (Figure 6A,B). A decreased eye area was observed in embryos exposed to effluent
from the June sampling event (Figure 6), an effect that was prevented by treatments BSM and
BSM+P+F, but not by the BSM+F or BSM+P. Finally, embryos exposed to influent stormwater from
the March sampling event were significantly larger than embryos exposed to control water. This
unusual stimulation of growth was not ameliorated by bioretention treatment (Figure 6D).
Additionally, sublethal impacts were observed in the absence of toxic influent for effluents from
the first sampled event (April 2017). This effect was most notable for the treatment BSM+F+P for
which three of the four endpoints were affected (Appendix 2). No sublethal impairments were
evident in embryos exposed to influent or effluent waters from the December 2017 sampling
event (Appendix 2).
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Figure 6. Sublethal impacts were evident for zebrafish embryos reared 48 h in influent (INF) stormwater or effluent
stormwater from bioretention soil media (BSM), BSM with fungi (+F), BSM with plants (+P), or BSM with both fungi
and plants (+F+P). Boxplots represent the median (center line), 15t and 3™ quartiles (hinges) and the largest/smallest
value no greater/smaller than 1.5 times the interquartile range (IQR) from the hinge (upper whisker/lower whisker).
Dots represent outliers that fall beyond 1.5 times the IQR. Metrics were compared statistically with those of embryos
reared in control media using a multivariate generalized linear model. Significant differences compared to controls
are indicated by asterisks (Dunnett post-hoc p<0.05). A) Eye area was impacted by runoff from the June sampling
event; B) pericardial area was impacted by runoff from the March sampling event, C) pericardial area and D) embryo
length were impacted by runoff from the March sampling event.

Year-1 Study Conclusions

Bioretention treatment of stormwater, regardless of fungal and plant amendments,
significantly improved water quality across the first year of the study by removing metals,
bacteria, solids, and aromatics. As observed in other studies, nutrients were exported into the
effluent from the bioretention treatments. Although export decreased over time, nutrient
concentrations were still elevated in effluent waters compared with influent at the end of the
first year of the study. Most other parameters that leached from the bioretention cells similarly
decreased over the study year.

The contributions of plant and/or fungi to effluent water quality during the first year were
relatively minor. Among all of the water quality parameters analyzed, only phosphorus and
dissolved copper showed an effect of amendments. For the earlier sampling events, phosphorus
export was reduced for treatments inoculated with fungi. The ability of fungi to translocate
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phosphorus is a well-known phenomenon for mycorrhizal fungi (Deacon 2006), and even for
saprophytic fungi like the wine cap mushroom used here (Dighton 2016). Importantly, this trend
was evident despite the presence of at least some fungi in all bioretention replicates, which
would likely have decreased our ability over time to measure a benefit of fungal inoculation.
Differences among amendment types on copper dynamics were less clear. Midway through the
year there was a significant shift towards more copper removal for treatments without fungi
whereas the treatments with fungi showed more consistent removal across the study period.
There was no additional effect of plants on water chemistry parameters. The effect of plants may
have been reduced by the 50% loss of plants during the summer drought, which affected at least
two of the five sampling events.

Influent waters produced few toxic responses in the zebrafish, in part due to very low
concentrations of PAHs in stormwater for this field study. This is in contrast to prior work showing
higher concentrations of PAHs in highway stormwater runoff are associated with cardiotoxicity
in developing fish embryos (Mclintyre et al. 2016). In cases where toxicity was produced by the
influent stormwater, there was no clear additional benefit of plants and/or fungi.
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Appendix 1. Summary tables of water quality parameters for sampling events 1-5

Table Al1.1. Sampling event 1 conventional parameters, microbiology, and nutrients
Table Al.2. Sampling event 1 dissolved and total metals

Table A1.3. Sampling event 1 polycyclic aromatic hydrocarbons (PAH)

Table Al.4. Sampling event 2 conventional parameters, microbiology, and nutrients
Table A1.5. Sampling event 2 dissolved and total metals

Table A1.6. Sampling event 2 polycyclic aromatic hydrocarbons (PAH)

Table A1.7. Sampling event 3 conventional parameters, microbiology, and nutrients
Table A1.8. Sampling event 3 dissolved and total metals

Table A1.9. Sampling event 3 polycyclic aromatic hydrocarbons (PAH)

Table A1.10. Sampling event 4 conventional parameters, microbiology, and nutrients
Table A1.11. Sampling event 4 dissolved and total metals

Table A1.12. Sampling event 4 polycyclic aromatic hydrocarbons (PAH)

Table A1.13. Sampling event 5 conventional parameters, microbiology, and nutrients
Table A1.14. Sampling event 5 dissolved and total metals

Table A1.15. Sampling event 5 polycyclic aromatic hydrocarbons (PAH)
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Table Al1.1. Average water chemistry values (* standard deviation) for triplicate influent and effluent waters from each treatment for the 1°

monitored storm event (April 5, 2017). BSM = bioretention soil medium, P = plants, F = fungi.

Type Units Influent BSM BSM + P BSM + F BSM+P+F
Conventional

pH n.a. 6.63 +0.02 6.84 + 0.05 6.83+0.11 6.86 + 0.23 6.89+0.10
Alkalinity mg/L as CaCOs 33+12 97 +59 64 £ 55 123 +380 173 + 166
Biological oxygen demand mg/L 21+20 110+53 97 + 67 57 +42 18+ 16
Chemical oxygen demand mg/L 46+ 18 872+ 740 1808 + 2360 424 + 586 472 +717
Dissolved organic carbon mg/L 12+6 277 £204 136 +121 43 + 26 45 + 47
Total organic carbon mg/L 215 417 + 365 148 + 99 57 +28 57 +54
Total suspended solids mg/L 22+7 23+8 25+10 7+7 15+ 10
Microbiology

E. coli CFU/100 mL 3767 £ 651 287 + 199 310+ 173 274+ 171 247 £271
Fecal Coliform MPN/100 mL 4533 + 551 403 £ 206 433 £ 261 354 + 236 383 +48
Nutrients

Nitrate + Nitrite mg/L 0.33+0.02 1.62+0.72 1.28 £ 0.47 1.91+1.34 4.05+4.25
ortho-Phosphate mg/L <0.005 <0.005 0.51+0.02 0.37+0.04 0.38 £ 0.05
Total Ammonia N mg/L 0.31+0.08 0.04+0.01 0.04 +0.00 0.23+0.27 0.23+0.27
Total KjeldahI N mg/L 1.3+0.1 89+49 46+1.3 49+3.1 6.0+4.5
Total Phosphorus mg/L 0.08 +0.01 1.18 £0.45 0.97 £ 0.04 0.61+0.15 0.62 +0.06
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Table A1.2. Average concentrations of dissolved and total metals in pg/L (+ standard deviation) for triplicate influent and effluent waters from each
treatment for the 1° monitored storm event (April 5, 2017). BSM = bioretention soil medium, P = plants, F = fungi.

Metal DL (pg/L) Influent BSM BSM + P BSM +F BSM +P +F
Dissolved As 0.02 1.0£0.03 6.0+1.6 5.0+£0.6 36103 3.6+0.7
Dissolved Cd 0.025 0.04+£0.01 0.06 £0.07 0.03+0.01 0.03+£0.02 0.03+0.03
Dissolved Cr 0.05 2.8+0.2 23+0.1 23+0.8 1.4+04 15+1.6
Dissolved Cu 0.1 143+0.1 89109 82+1.0 7715 81+16
Dissolved Pb 0.05 0.43+£0.09 0.17 £0.07 0.24 £ 0.08 0.13+0.03 0.58+0.77
Dissolved Ni 0.05 22+0.1 28104 2510.1 37127 3.8+1.0
Dissolved Zn 0.5 33+8 71 8+3 71 1114
Total As 0.02 1.81+0.1 5.2+0.6 3.3+29 3905 39+04
Total Cd 0.025 n.m. n.m. n.m. n.m. n.m.

Total Cr 0.05 n.m. n.m. n.m. n.m. n.m.

Total Cu 0.1 36.0+x1.3 16.3+3.0 16.2+2.3 114+2.1 10.7+1.3
Total Pb 0.05 9.98 +0.53 5.30+1.02 15.92 £ 18.42 2.48 +1.55 2.38+1.32
Total Ni 0.05 46+0.8 9.1+1.7 6.1+4.1 6.6+1.8 7.5+27
Total Zn 0.5 93+5 235 204 15+3 1914

15



Table A1.3. Average polycyclic aromatic hydrocarbon (PAH) concentrations in pg/L (+ standard deviation) for triplicate influent and effluent waters
from each treatment for the 1 monitored storm event (April 5, 2017). BSM = bioretention soil medium, P = plants, F = fungi. Standard deviations
of zero indicate the value is % the detection limit; used when the PAH was detected in at least one replicate for one treatment. Values following
‘<" are equal to the detection limit. Values in bold have at least one detected replicate. n.m. = not measured for this event.

PAHs Influent BSM BSM + P BSM +F BSM + P +F
Naphthalene 0.056 + 0.001 0.024 + 0.025 0.010+0 0.010x0 0.010%£0
1-Methylnaphthalene <0.020 <0.020 <0.020 <0.020 <0.020
2-Methylnaphthalene <0.025 <0.025 <0.025 <0.025 <0.025
Acenaphthylene <0.030 <0.030 <0.030 <0.030 <0.030
Acenaphthene <0.019 <0.019 <0.019 <0.019 <0.019
Dibenzofuran <0.020 <0.020 <0.020 <0.020 <0.020
Fluorene <0.020 <0.020 <0.020 <0.020 <0.020
Carbazole n.m. n.m. n.m. n.m. n.m.
Phenanthrene 0.013:0 0.028 + 0.027 0.013+0 0.013:0 0.013+0
Anthracene <0.031 <0.031 <0.031 <0.031 <0.031
Fluoranthene 0.058 £ 0.003 0.034 +£0.041 0.018 +0.014 0.011+0 0.011+0
Pyrene 0.093 +0.001 0.055 +0.071 0.014+0 0.014+0 0.014+0
Benzo(a)anthracene <0.029 <0.029 <0.029 <0.029 <0.029
Chrysene <0.033 <0.033 <0.033 <0.033 <0.033
Benzofluoranthenes <0.033 <0.033 <0.033 <0.033 <0.033
Benzo(a)pyrene <0.074 <0.074 <0.074 <0.074 <0.074
Dibenzo(a,h)anthracene <0.053 <0.053 <0.053 <0.053 <0.053
Perylene <0.076 <0.076 <0.076 <0.076 <0.076
Indeno(1,2,3-cd)pyrene <0.036 <0.036 <0.036 <0.036 <0.036
Benzo(g,h,i)perylene <0.038 <0.038 <0.038 <0.038 <0.038
Total PAHs 0.275+0.004 0.179+0.202 0.070+0.014  0.063+0 0.063+0
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Table A1.4. Average water chemistry values (+ standard deviation) for triplicate influent and effluent waters from each treatment for the 2"

monitored storm event (June 8, 2017). BSM = bioretention soil medium, P = plants, F = fungi.

Type Units Influent BSM BSM + P BSM + F BSM+P+F
Conventional

pH n.a. 7.57 £0.09 6.86 + 0.14 6.89+0.11 6.83 £ 0.09 6.78 £ 0.03
Alkalinity mg/L as CaCOs 61+1 200+ 20 197 £ 15 173 £23 197 £ 15
Biological oxygen demand mg/L 21+16 35+2 33+1 40+3 41+5
Chemical oxygen demand mg/L 216 69 + 50 92+10 914 109 £ 32
Dissolved organic carbon mg/L 12+8 29+4 30+3 26+3 34+8
Total organic carbon mg/L 26 +18 83+7 51+27 38+4 53+25
Total suspended solids mg/L 18+6 11+ 4 15+6 12+ 5.5 9+3
Microbiology

E. coli CFU/100 mL 1583 £ 475 85+32 113 + 64 177 £ 130 151+ 28
Fecal Coliform MPN/100 mL 1700 £ 656 105 + 57 122+73 209 + 159 180+ 20
Nutrients

Nitrate + Nitrite mg/L 1.17 £0.06 9.33+2.08 8.13+1.95 5.20+1.35 11.60 + 6.54
ortho-Phosphate mg/L 0.05 +0.02 0.49 +0.06 0.49+0.05 0.37+£0.09 0.39+0.04
Total Ammonia N mg/L 0.12+0.01 0.08 +0.01 0.08 +0.01 0.13+0.08 0.13 +0.08
Total KjeldahI N mg/L 1.33+0.32 6.13 £ 0.64 6.67 +0.72 4.33+0.38 5.37+0.68
Total Phosphorus mg/L 0.09+0.01 0.74+0.08 0.74+0.01 0.56 + 0.06 0.58 + 0.07
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Table A1.5. Average concentrations of dissolved and total metals in pg/L (+ standard deviation) for triplicate influent and effluent waters from each
treatment for the 2nd monitored storm event (June 8, 2017). BSM = bioretention soil medium, P = plants, F = fungi.

Metal DL (ug/L) Influent BSM BSM + P BSM +F BSM+P+F
Dissolved As 0.02 2.1+0.2 3.6+0.2 3.3+£0.2 55+33 3.7+£0.7
Dissolved Cd 0.025 0.05 +£0.003 0.08 £0.03 0.09 £0.02 0.06+£0.01 0.07 £0.02
Dissolved Cr 0.05 2303 1.2+0.3 1.1+£0.1 1.1+0.1 1.2+0.3
Dissolved Cu 0.1 14.6+£0.8 9.5+2.2 9.2+0.2 6.8+1.7 75+1.1
Dissolved Pb 0.05 0.84+0.51 0.39+0.06 0.92+0.61 0.13+0.06 0.51+0.55
Dissolved Ni 0.05 1.7 £0.02 560.5 56+0.1 7651 6.0+09
Dissolved Zn 0.5 383 812 9+2 61 8+3

Total As 0.02 2.8+0.1 39+0.1 3.6+0.1 6.1+3.7 4.0+0.8
Total Cd 0.025 n.m. n.m. n.m. n.m. n.m.

Total Cr 0.05 n.m. n.m. n.m. n.m. n.m.

Total Cu 0.1 31.7+1.8 133128 12.4+0.7 10.1+1.8 109+1.1
Total Pb 0.05 44+09 1.6+£0.5 1.6+04 09+04 1.1+£0.3
Total Ni 0.05 29+0.2 7.4+0.6 7.1+0.2 10.4+6.8 8.0+1.8
Total Zn 0.5 85+7 18+4 161 13+1 15+3
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Table A1.6. Average polycyclic aromatic hydrocarbon (PAH) concentrations in pg/L (+ standard deviation) for triplicate influent and effluent waters
from each treatment for the 2" monitored storm event (June 8, 2017). BSM = bioretention soil medium, P = plants, F = fungi. Standard deviations
of zero indicate the value is % the detection limit; used when the PAH was detected in at least one replicate for one treatment. Values following
‘<’ are equal to the detection limit. Values in bold have at least one detected replicate. n.m. = not measured for this event.

PAHs Influent BSM BSM + P BSM + F BSM + P +F
Naphthalene 0.011+0 0.009 +0.002 0.010 +0.002 0.007 0 0.008 + 0.006
1-Methylnaphthalene <0.018 <0.001 <0.001 <0.001 <0.001
2-Methylnaphthalene <0.022 <0.001 <0.001 <0.001 <0.001
Acenaphthylene <0.027 <0.002 <0.002 <0.002 <0.002
Acenaphthene 0.020 + 0.021 0.002+0 0.002+0 0.002+0 0.002+0
Dibenzofuran <0.018 <0.002 <0.002 <0.002 <0.002
Fluorene <0.018 <0.002 <0.002 <0.002 <0.002
Carbazole n.m. <0.001 <0.001 <0.001 <0.001
Phenanthrene 0.015+0 0.001 +0.001 0.002 +0.001 0.002+0.001 0.001+0.001
Anthracene <0.028 <0.001 <0.001 <0.001 <0.001
Fluoranthene 0.012+0 0.009 +0.003 0.012+0.001 0.008+0.003 0.010 +0.002
Pyrene 0.041 +0.006 0.016 +0.006 0.018 +0.003 0.010+0.004 0.014 *0.003
Benzo(a)anthracene 0.025 +0.023 0.002 £0.002 0.002 £ 0.002 0.0004 +0 0.0004 + 0
Chrysene 0.035+0.039 0.005+0.002 0.006+0.001 0.003+0.002 0.004+0.001
Benzofluoranthenes <0.111° <0.004 <0.004 <0.004 <0.004
Benzo(a)pyrene <0.066 <0.003 <0.003 <0.003 <0.003
Dibenzo(a,h)anthracene 0.074 £0.091  0.0005 *0 0.0005 +0 0.0005 +0 0.0005 +0
Perylene <0.068 <0.007 <0.007 <0.007 <0.007
Indeno(1,2,3-cd)pyrene 0.047 + 0.056 0.0005+0 0.0005 %0 0.0005 0 0.0005+0
Benzo(g,h,i)perylene 0.043 +0.048 0.0005*0 0.0005+0 0.0005 *+0 0.0005 *+0
Total PAHs 0.321 +£0.253 0.042 +0.040 0.035+0.027 0.057 +0.043 0.061 +0.053

@ Reporting Limit (no Detection Limit provided)
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Table A1.7. Average water chemistry values (+ standard deviation) for triplicate influent and effluent waters from each treatment for the 3™
monitored storm event (October 18, 2017). BSM = bioretention soil medium, P = plants, F = fungi.

Type Units Influent BSM BSM + P BSM + F BSM+P+F
Conventional

pH n.a. 6.62+0.12 6.78 £ 0.12 6.87 £ 0.07 6.82 £ 0.08 6.86+0.19
Alkalinity mg/L as CaCOs3 47 +1 140+ 10 143 t6 133 +£32 153 +12
Biological oxygen demand mg/L 13+1 61 61 71 8+2
Chemical oxygen demand mg/L 334 13+2 9+4 14+3 3436
Dissolved organic carbon mg/L 8+0.06 10+1 10+1 12+2 18+ 14
Total organic carbon mg/L 12+1 12+2 146 13+3 21+17
Total suspended solids mg/L 225 8+3 8t5 5+2 82
Microbiology

E. coli CFU/100 mL 4867 + 2003 1428 + 2316 5+4 47 +25 686 + 1138
Fecal Coliform MPN/100 mL 5500 + 2427 103 + 93 + 47 +25 752 1255
Nutrients

Nitrate + Nitrite mg/L 0.88 +0.02 1.37 £0.06 1.63+£0.25 1.80£0.52 1.87+0.76
ortho-Phosphate mg/L 0.01+0.00 0.40+0.09 0.38+0.01 0.30+0.14 0.39 £ 0.06
Total Ammonia N mg/L 0.35+0.01 0.02 +0.00 0.02 +0.00 0.03+0.01 0.03 +0.01
Total KjeldahI N mg/L 1.37 £0.06 1.01 £0.08 0.97+0.11 1.15+0.33 2.00+1.56
Total Phosphorus mg/L 0.09 +0.02 0.39+0.07 0.39+0.01 0.30+0.14 0.37 £ 0.03
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Table A1.8. Average concentrations of dissolved and total metals in pg/L (+ standard deviation) for triplicate influent and effluent waters from each
treatment for the 3" monitored storm event (October 18, 2017). BSM = bioretention soil medium, P = plants, F = fungi. ‘<’ indicates values were
below detection limit (DL).

Metal DL (pg/L) Influent BSM BSM + P BSM +F BSM +P +F
Dissolved As 0.02 1.7£0.01 2.7+0.2 25%0.2 2403 2804
Dissolved Cd 0.025 0.05+0 0.019+0.011 0.025+0.011 0.032 £ 0.008 0.034 + 0.005
Dissolved Cr 0.05 2.21+0.10 0.69+0.19 0.60+£0.09 0.64 £0.08 0.82+0.44
Dissolved Cu 0.1 18.1+1.5 41+0.7 3.7+£0.2 6.0+04 7.7+4.0
Dissolved Pb 0.05 0.20+0.11 < < < <
Dissolved Ni 0.05 1.7+£0.1 1.8+0.2 1.9+0.2 23+0.1 3.7+£2.7
Dissolved Zn 0.5 45.4+45 2.7+0.5 2.4+0.2 2.3+0.5 2916
Total As 0.02 25+0.1 2.8+0.1 3.0+£0.1 2.7+03 2910.5
Total Cd 0.025 n.m. n.m. n.m. n.m. n.m.

Total Cr 0.05 n.m. n.m. n.m. n.m. n.m.

Total Cu 0.1 347+1.4 54+1.1 47+04 7.2+£03 9.2+4.2
Total Pb 0.05 491+0.64 0.42+0.18 0.37+£0.04 0.31+£0.08 0.47 £0.15
Total Ni 0.05 2.47 £0.04 2.20+£0.33 2.14+£0.25 2.59 +0.02 4.01+2.75
Total Zn 0.5 86+ 10 4+1 5+1 3+1 542
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Table A1.9. Average polycyclic aromatic hydrocarbon (PAH) concentrations in pg/L (+ standard deviation) for triplicate influent and effluent waters
from each treatment for the 3™ monitored storm event (October 18, 2017). BSM = bioretention soil medium, P = plants, F = fungi. Standard
deviations of zero indicate the value is % the detection limit; used when the PAH was detected in at least one replicate for one treatment. Values
in bold have at least one detected replicate. ‘<’ indicates all replicates less than the detection limit of 0.011. n.m. = not measured for this event.

PAHs Influent BSM BSM + P BSM + F BSM + P +F
Naphthalene 0.023 +0.001 0.006 0 0.006+0 0.006 +0 0.006 +0
1-Methylnaphthalene < < < < <
2-Methylnaphthalene 0.007 +0.003 0.006 0 0.006+0 0.006 +0 0.006 +0
Acenaphthylene < < < < <
Acenaphthene < < < < <
Dibenzofuran < < < < <
Fluorene < < < < <
Carbazole < < < < <
Phenanthrene 0.029 + 0.002 0.006 0 0.006+0 0.006 +0 0.006 +0
Anthracene < < < < <
Fluoranthene 0.040 + 0.003 0.006 0 0.006 0 0.006 +0 0.006 +0
Pyrene 0.059 +0.003 0.006 0 0.006 0 0.006 +0 0.006 +0
Benzo(a)anthracene < < < < <
Chrysene 0.024 + 0.002 0.006 0 0.006 0 0.006 +0 0.006 +0
Benzofluoranthenes 0.022 £ 0.004 0.006 £ 0 0.006 £ 0 0.006 £ 0 0.006 0
Benzo(a)pyrene < < < < <
Dibenzo(a,h)anthracene < < < < <
Perylene < < < < <
Indeno(1,2,3-cd)pyrene < < < < <
Benzo(g,h,i)perylene 0.038 + 0.002 0.006 0 0.006 0 0.006 +0 0.006 +0
Total PAHs 0.242+0.010  0.044+0 0.044 + 0 0.044 + 0 0.044+0
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Table A1.10. Average water chemistry values (+ standard deviation) for triplicate influent and effluent waters from each treatment for the 4t
monitored storm event (December 19, 2017). BSM = bioretention soil medium, P = plants, F = fungi. n.m. = not measured

Type Units Influent BSM BSM + P BSM + F BSM+P+F
Conventional

pH n.a. 6.11+0.29 6.64 +0.10 6.68 + 0.06 6.66 + 0.06 6.68 + 0.03
Alkalinity mg/L as CaCOs3 202 8512 92+35 85+ 10 87+2
Biological oxygen demand mg/L n.m. n.m. n.m. n.m. n.m.
Chemical oxygen demand mg/L 676 47 £21 598 58 +31 98 + 80
Dissolved organic carbon mg/L 4+0.2 15+6 17+2 20+9 18+7
Total organic carbon mg/L 8+0.3 187 21+3 24 £12 33+24
Total suspended solids mg/L 668 64 3+0.6 312 21
Microbiology

E. coli CFU/100 mL <1 <1 <1 <1 <1
Fecal Coliform MPN/100 mL 923 +180 65 + 59 37+31 82178 88148
Nutrients

Nitrate + Nitrite mg/L 0.60 +0.03 1.80£0.89 1.53+0.61 1.3+0.17 1.77 £0.25
ortho-Phosphate mg/L < 0.005 0.25+0.02 0.24 +0.03 0.17 £ 0.05 0.24 £+ 0.04
Total Ammonia N mg/L 0.18+0 0.01+0.01 0.01 £ 0.001 0.02 £ 0.003 0.01 +0.004
Total KjeldahI N mg/L 1.27 £0.12 1.35+0.61 1.23+0.25 2.33+1.21 1.47 £0.32
Total Phosphorus mg/L 0.13+0.02 0.32+0.07 0.29+0.02 0.29+0.12 0.27 £ 0.05




Table Al1.11. Average concentrations of dissolved and total metals in pg/L (+ standard deviation) for triplicate influent and effluent waters from
each treatment for the 4™ monitored storm event (December 19, 2017). BSM = bioretention soil medium, P = plants, F = fungi. ‘<’ indicates values

were below detection limit (DL).

Metal DL (pg/L) Influent BSM BSM + P BSM +F BSM +P +F
Dissolved As 0.02 1.0£0.0.2 2.2+0.2 2.1+0.2 19104 2.2+0.2
Dissolved Cd 0.025 0.15+0.06 < < 0.04 £0.02 0.04 £0.03
Dissolved Cr 0.05 3.73+0.38 1.46 £ 0.47 1.17+£0.16 1.60£0.29 1.43+£0.25
Dissolved Cu 0.1 13.1+1.6 6.7+2.5 55+0.3 9.3+1.8 80+1.2
Dissolved Pb 0.05 0.78 £0.16 0.12+£0.05 0.13+0.01 0.13+0.03 0.19+0.04
Dissolved Ni 0.05 3.3+0.7 22+0.6 19+0.1 3.1+0.9 2404
Dissolved Zn 0.5 51+21.4 3909 3.6+0.2 33+13 41+1.1
Total As 0.02 73156 3.2+0.8 28103 34109 50+2.1
Total Cd 0.025 n.m. n.m. n.m. n.m. n.m.

Total Cr 0.05 n.m. n.m. n.m. n.m. n.m.

Total Cu 0.1 54.7+6.3 9.2+4.3 7.0+£0.8 12.6+1.8 11.7+1.6
Total Pb 0.05 22.5+25 0.9+0.7 030 0.6+0.3 0.6+0.1
Total Ni 0.05 18.9+18.7 3603 2.2+0.3 3.7+£2.0 43+1.8
Total Zn 0.5 207 £ 35 10+3 71 8+3 1612
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Table A1.12. Average polycyclic aromatic hydrocarbon (PAH) concentrations in pg/L (* standard deviations) for triplicate influent and effluent
waters from each treatment for the 4" monitored storm event (December 19, 2017). BSM = bioretention soil medium, P = plants, F = fungi.
Standard deviations of zero indicate the value is % the detection limit; used when the PAH was detected in at least one replicate for one
treatment. Values in bold have at least one detected replicate. ‘<’ indicates all replicates less than the reporting limit of 0.012. n.m. = not
measured for this event.

PAHs Influent BSM BSM + P BSM +F BSM + P +F
Naphthalene 0.038 + 0.005 0.006 £ 0 0.006 £ 0 0.009 £ 0.005 0.006£0
1-Methylnaphthalene 0.014 = 0° 0.006£0 0.006£0 0.006t0 0.006£0
2-Methylnaphthalene 0.024 + 0.003 0.006 0 0.006 0 0.006 +0 0.006 +0
Acenaphthylene < < < < <
Acenaphthene < < < < <
Dibenzofuran < < < < <
Fluorene < < < < <
Carbazole < < < < <
Phenanthrene 0.101 +0.010 0.006+0 0.006 £ 0 0.006t0 0.006£0
Anthracene 0.014 + 0.001 0.006+0 0.006 £ 0 0.006t0 0.006£0
Fluoranthene 0.136 +0.016 0.006 0 0.006 0 0.006+0 0.006 +0
Pyrene 0.233 + 0.034 0.006+0 0.006 £ 0 0.006t0 0.006£0
Benzo(a)anthracene 0.040 + 0.009 0.006 0 0.006 0 0.006 +0 0.006 +0
Chrysene 0.089 +0.013 0.006 0 0.006 0 0.006+0 0.006 +0
Benzofluoranthenes 0.098 + 0.017 0.006 £ 0 0.006 £ 0 0.006 £ 0 0.006 0
Benzo(a)pyrene 0.054 +0.011 0.006 0 0.006 0 0.006+0 0.006 +0
Dibenzo(a,h)anthracene 0.007 + 0.004 0.006 +0 0.006 +0 0.006 +0 0.006 +0
Perylene 0.018 + 0.003 0.006 £ 0 0.006 £ 0 0.006t0 0.006£0
Indeno(1,2,3-cd)pyrene 0.041+£0.009  0.006+0 0.006 + 0 0.006 + 0 0.006 + 0
Benzo(g,h,i)perylene 0.137 £0.019 0.006 £ 0 0.006 £ 0 0.006 £ 0 0.006 +0
Total PAHs 1.056 £0.151  0.096+0 0.096+0  0.099+0.005  0.096+0

2 Standard deviation zero because each replicate had same detected value
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Table A1.13. Average water chemistry values (+ standard deviation) for triplicate influent and effluent waters from each treatment for the 5™
monitored storm event (March 22, 2018). BSM = bioretention soil medium, P = plants, F = fungi. n.m. = not measured.

Type Units Influent BSM BSM + P BSM + F BSM+P+F
Conventional

pH n.a. 6.87£0.04 6.91+0.24 6.87£0.16 6.64 £0.28 6.87£0.03
Alkalinity mg/L as CaCOs 31+1 67+7 77 +10 75+3 79+ 19
Biological oxygen demand mg/L 16+2 11+1 10+3 17 +10 10+1
Chemical oxygen demand mg/L n.m. n.m. n.m. n.m. n.m.
Dissolved organic carbon mg/L 4+1 101 12+1 13+1 12+1
Total organic carbon mg/L 7+1 11+2 13+2 16+6 13+1
Total suspended solids mg/L 44+3 41 30 4+3 3+£1
Microbiology

E. coli CFU/100 mL 2133+ 115 200+ 72 111+34 280+92 163 +57
Fecal Coliform MPN/100 mL 2133 +115 200+ 72 111 + 34 280 + 92 170 + 66
Nutrients

Nitrate + Nitrite mg/L 0.34+£0.02 1.60+0.35 2.00+0.17 2.27£0.15 2.60x0.10
ortho-Phosphate mg/L 0.07 £0.01 0.27 £0.03 0.26 +0.02 0.29 +0.06 0.27 +0.03
Total Ammonia N mg/L 0.32+0.01 0.01+0.00 0.02+0.01 0.01+0.00 0.01+£0.00
Total Kjeldahl N mg/L 1.07 £ 0.06 0.87+£0.03 0.94+£0.19 1.00+0.09 1.10£0.00
Total Phosphorus mg/L 0.10+0.01 0.34 +0.06 0.34+0.03 0.38 +0.05 0.37 +0.05
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Table A1.14. Average concentrations of dissolved and total metals in pg/L (+ standard deviation) for triplicate influent and effluent waters from
each treatment for the 5™ monitored storm event (March 22, 2019). BSM = bioretention soil medium, P = plants, F = fungi. ‘<’ indicates values
were below detection limit (DL).

Metal DL (pg/L) Influent BSM BSM + P BSM +F BSM +P +F
Dissolved As 0.02 0.89+0.03 1.80+0.07 1.79+£0.07 1.95+0.14 1.92 +0.07
Dissolved Cd 0.025 n.m. n.m. n.m. n.m. n.m.
Dissolved Cr 0.05 5.44 £ 0.06 2.00£0.55 1.33+0.31 1.58+0.46 1.33+0.19
Dissolved Cu 0.1 12.6+0.7 4304 4.2+0.2 6.8+2.2 5.7+0.7
Dissolved Pb 0.05 0.21+0 < < < <
Dissolved Ni 0.05 1.3+0.1 1.2+0.1 1.5+03 2.0+0.6 1.8+0.2
Dissolved Zn 0.5 36.1+5.7 25103 25104 2.8+0.5 2.8+0.5
Total As 0.02 1.8+0.1 20+0.1 2.0+£0.2 22+03 2.0+£01
Total Cd 0.025 n.m. n.m. n.m. n.m. n.m.

Total Cr 0.05 n.m. n.m. n.m. n.m. n.m.

Total Cu 0.1 44.8+0.5 5.8+0.4 54+0.1 83+21 6.8+0.8
Total Pb 0.05 12.6+0.3 0.5+0.2 04+0 0.6+0.3 0.5+0.1
Total Ni 0.05 42+0.1 2.2+01 3.2+21 29+0.7 2.4+0.3
Total Zn 0.5 142.7+5.0 49+1.0 41+0.6 49+1.7 43+0.1
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Table A1.15. Average polycyclic aromatic hydrocarbon (PAH) concentrations in pg/L (+ standard deviation) for triplicate influent and effluent waters

from each treatment for the 5™ monitored storm event (March 22, 2018). BSM = bioretention soil medium, P = plants, F = fungi. Standard deviations

of zero indicate the value is % the detection limit; used when the PAH was detected in at least one replicate for one treatment. Values in bold have

at least one detected replicate. ‘<’ indicates all replicates less than the reporting limit of 0.012. n.m. = not measured for this event.

PAHs Influent BSM BSM + P BSM + F BSM + P +F
Naphthalene 0.027 +0.002 0.006 +0 0.006 +0 0.006+0 0.006+£0
1-Methylnaphthalene <

2-Methylnaphthalene 0.019 +0.002 0.006 +0 0.006 +0 0.006+0 0.006+£0
Acenaphthylene < < < < <
Acenaphthene < < < < <
Dibenzofuran < < < < <
Fluorene < < < < <
Carbazole 0.018 + 0.003 0.006+0 0.006 £ 0 0.006 £0 0.006£0
Phenanthrene 0.070 + 0.002 0.006 +0 0.006 +0 0.006+0 0.006£0
Anthracene < < < < <
Fluoranthene 0.091 + 0.002 0.006 +0 0.006 +0 0.006+0 0.006£0
Pyrene 0.135 +0.003 0.006 +0 0.006 +0 0.006+0 0.006£0
Benzo(a)anthracene 0.017 + 0.001 0.006 £ 0 0.006 £ 0 0.006 £0 0.006£0
Chrysene 0.051 +0.002 0.006 +0 0.006 +0 0.006+0 0.006+£0
Benzofluoranthenes 0.053 + 0.004 0.006+0 0.006+0 0.006 £ 0 0.006 £ 0
Benzo(a)pyrene 0.025 + 0.006 0.006 £ 0 0.006 £ 0 0.006 + 0 0.006 +0
Dibenzo(a,h)anthracene < < < < <
Perylene < < < < <
Indeno(1,2,3-cd)pyrene 0.017 +0.001 0.006 +0 0.006 +0 0.006+0 0.006+£0
Benzo(g,h,i)perylene 0.071 £ 0.001 0.006 + 0 0.006 £ 0 0.006 + 0 0.006 + 0
Total PAHs 0.594 + 0.009 0.072+0 0.072+0 0.072+0 0.072+0
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Appendix 2. Summary of sublethal impacts of influent and effluent for sampling events 1-5

Table A2.1. Sublethal impairment on morphometrics of zebrafish embryos
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Table A2.1. Sublethal effects of treated and untreated runoff on zebrafish development at 48 hpf (hours post
fertilization). Values are means * standard error. Significant differences compared to the control are marked by
asterisks (Dunnett’s post hoc test following multivariate generalized linear model, p < 0.05).

Event Treatment Pericardiazl Periventrazl Eye arzea Length (mm)
area (mm?) area (mm?) (mm?)

April Influent 0.017+0.003 0.022+0.003 0.049+0.003 2.98+0.06
April BSM 0.018+0.002*  0.024+0.005*  0.048+0.004 2.9610.07
April BSM + F 0.017+0.003 0.024+0.004 0.048+0.003 2.95+0.13
April BSM + P 0.017+0.002*  0.023+0.004 0.050+0.003 2.99+0.09
April BSM+P+F 0.017+0.003*  0.025+0.005*  0.047+0.003* 2.95+0.04
April Control 0.015+0.002 0.021+0.003 0.050+0.003 2.97+0.06
June Influent 0.021+0.003 0.027+0.007 0.045+0.003*  2.90+0.08
June BSM 0.021+0.003 0.028+0.006 0.046+0.005* 2.91+0.06
June BSM + F 0.022+0.003 0.031+0.010 0.045+0.003*  2.92%0.07
June BSM + P 0.022+0.004 0.030+0.007 0.045+0.002* 2.92+0.14
June BSM+P+F 0.021+0.003 0.028+0.006 0.047+0.003*  2.94+0.07
June Control 0.021+0.005 0.029+0.010 0.050+0.004 2.91+0.10
Oct Influent 0.022+0.005*  0.031+0.017 0.043+0.003 2.93+0.09
Oct BSM 0.022+0.005 0.029+0.008 0.044+0.008 2.91+0.11
Oct BSM + F 0.021+0.003 0.027+0.006 0.044+0.003 2.90+0.06
Oct BSM + P 0.022+0.004*  0.030+0.008 0.046+0.004 2.94+0.10
Oct BSM+P+F 0.022+0.004*  0.030+0.007 0.046+0.004 2.94+0.10
Oct Control 0.019+0.003 0.024+0.006 0.046+0.004 2.89+0.07
Dec Influent 0.025+0.005 0.036+0.011 0.046+0.004 2.97+0.08
Dec BSM 0.024+0.004 0.033+0.007 0.045+0.004 2.97+0.11
Dec BSM + F 0.024+0.005 0.034+0.006 0.048+0.003 2.99+0.09
Dec BSM + P 0.024+0.003 0.034+0.006 0.048+0.003 2.99+0.08
Dec BSM+P+F 0.024+0.003 0.035+0.007 0.047+0.002 2.98+0.06
Dec Control 0.022+0.005 0.032+0.010 0.048+0.004 2.98+0.08
March Influent 0.022+0.004*  0.029+0.009 0.047+0.005 3.69+0.10*
March BSM 0.019+0.003 0.024+0.005 0.051+0.005 3.67+0.09*
March BSM+F 0.022+0.006* 0.031+0.015 0.048+0.004 3.68+0.11*
March BSM+P 0.020+0.006 0.029+0.012 0.050+0.005 3.67+0.13*
March BSM+P+F 0.020+0.007 0.031+0.019 0.049+0.005 3.62+0.12*
March Control 0.017+0.005 0.027+0.012 0.048+0.005 2.92+0.19
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Appendix 3. Laboratory reports for water chemistry from Year 1
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0 Anal).rtlcal R§SOUI'C€S, Incorporated Printed: 3/23/2018 9:07:39AM
Analytical Chemists and Consultants
WORK ORDER
| 18C0376 |
Client: Washington State University Project Manager: Susan Dunnihoo
Project: RSMP Bioretention (Field Preserved) Project Number: [none|
Analysis Due TAT Expires Comments

18C0376-15 032218 E12 [Water| Sampled 22-Mar-2018 13:00 (GMT-08:00)
Pacific Time (US & Canada)

%A = Glass NM, Amber, 500 mL B = Glass NM, Amber, 500 mL
8270D-SIM Alkyl PAH 06-Apr-2018 15:00 10 05-Apr-2018 13:00
8270D-SIM PAH Low (0.01 ug/L - 0.5 106-Apr-2018 15:00 10 05-Apr-2018 13:00

18C0376-16 032218 102 [Water| Sampled 22-Mar-2018 13:00 (GMT-08:00)
Pacific Time (US & Canada)

A = Glass NM, Amber, 500 mL B = Glass NM, Amber, 500 mL J
8270D-SIM Alkyl PAH 06-Apr-2018 15:00 10 05-Apr-2018 13:00
8270D-SIM PAH Low (0.01 ug/L - 0.5 106-Apr-2018 15:00 10 05-Apr-2018 13:00

18C0376-17 032218 Blank |Water] Sampled 22-Mar-2018 13:00 (GMT-08:00)
Pacific Time (US & Canada)

A = Glass NM, Amber, 500 mL B = Glass NM, Amber, 500 mL J
8270D-SIM PAH Low (0.01 ug/L - 0.5 106-Apr-2018 15:00 10 05-Apr-2018 13:00
8270D-SIM Alkyl PAH 06-Apr-2018 15:00 10 05-Apr-2018 13:00
Reviewed By Date Page 4 of 4
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Analytical Resources, Incorporated

Analytical Chemists and Consultants Analytical Report
Washington State University Project: RSMP Bioretention (Field Preserved)
2606 W Pioneer Project Number: [none] Reported:
Puyallup WA, 98371 Project Manager: Alex Taylor 09-Apr-2018 16:14

DET
ND
NR
dry
RPD

[2€]

Notes and Definitions

This analyte is not detected above the applicable reporting or detection limit.
Analyte DETECTED

Analyte NOT DETECTED at or above the reporting limit

Not Reported

Sample results reported on a dry weight basis

Relative Percent Difference

Indicates this result was quantified on the second column on a dual column analysis.
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